In this paper, we undertake a feasibility study of improving the one-and-a-half-centered expansion (OHCE) method of Reading, Ford, and Becker [J. Phys. B 14, 1995Phys. B 14, (198115, 3257 (1982) In a OHCE calculation, we have to choose a function P (z) to modulate the charge-transfer amplitudes. The only constraints on P (z) are P ( -ao)=0 and P (~)=1. In this paper, P (z) has been obtained from a SCE calculation. This P (z) function increases gradually in the whole collision region. It offers an improvement over the step function used in previous work. A computer code has been developed to include s and p states for the target and projectile. The calculations have been performed in the proton energy range from 30 to 250 keV. The charge transfer to the 1s state has been calculated and gives good agreement with the experimental data. The proton energy ranges have been extended from the 100 keV used in previous work to 250 keV. The charge-transfer cross sections to the 2p state fit the experimental data at 30 keV and are almost the same as those calculated using the four-state, two-centered expansion method proposed by Cheshire and Gallaher [J. Phys. B 3, 813 (1970) 
expansion
(OHCE) method of Reading, Ford, and Becker [J. Phys. B 14, 1995 (1981) ; 15, 3257 (1982) ]. We have explored the efficacy of an alternative method to evaluate the charge-transfer matrix elements and improved the estimated time dependence of the charge-transfer scattering amplitudes. More projectile states have been included in the calculations than used hitherto. A unitary matrix, U matrix, which can propagate the wave functions from -(xJ to t, where t denotes time, has been constructed using the single-centered expansion (SCE) method. A complex basis set of nine radial s states and nine radial p states has been used in the expansion of trial wave functions for the target. Charge-transfer matrix elements have been evaluated by a Feynman integral technique; one numerical integral using Gaussian quadrature is needed. The radial parts of the matrix elements are stored on circles and used for all the impact parameters.
In a OHCE calculation, we have to choose a function P (z) to modulate the charge-transfer amplitudes. The only constraints on P (z) are P ( -ao)=0 and P (~)=1. In this paper, P (z) has been obtained from a SCE calculation. This P (z) function increases gradually in the whole collision region. It offers an improvement over the step function used in previous work. A computer code has been developed to include s and p states for the target and projectile. The calculations have been performed in the proton energy range from 30 to 250 keV. The charge transfer to the 1s state has been calculated and gives good agreement with the experimental data. The proton energy ranges have been extended from the 100 keV used in previous work to 250 keV. The charge-transfer cross sections to the 2p state fit the experimental data at 30 keV and are almost the same as those calculated using the four-state, two-centered expansion method proposed by Cheshire [10 -12] , and atomicstate expansion [13 -21] have been used to evaluate the cross sections of electron exchange. A two-state atomicexpansion method was invented by Bates [22] . His theory has been applied in the symmetrical resonance process [13] and nonresonance processes [6, 14] . Bates and Boyd [20] [27) .
II. THEORY AND NUMERICAL METHOD
Consider a proton incident on a target hydrogen atom in which the nucleus is fixed at the origin of the coordinate system during the collision process. The coordinate system is described in Fig. 1 where the time-varying potential arises through R (t).
The interactive potentials V~a nd V, include two terms. The second terms will guarantee that the potentials go to zero faster than just keeping the first term and make scattering amplitudes to be constants when R~00 eld [27] dy [27] [27] ure [27] ower [27] ahire [1B] eshaft [19] state Chen [28] -state Chen [28] .~.
-+MR (i (x -1) + Morgan [27] X Stebbings [27] OHCE . Shakeshatt [19] .... Cheshire [16] Fig. 2 the charge-transfer cross sections from the ground state to the projectile 1s state are plotted. The charge transfer to the 1s state on projectile is large at low energies because the change of binding energy is zero.
However, as proton energy increases the cross section drops rapidly. This is caused by the difficulty that the electron has in acquiring the necessary kinetic energy. The curves designated as two-state Chen [28] and fourstate Chen [28] in Fig. 2 
